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/BSTRACT

Spectral-fitting procedures are applied to teleseismic surface
wave data for determining seismic source parameters, especially depth.
From an examination of theoretical Rayleigh and Love wave spectra as a
function of source structure, significant variation of the spectra can result
from differences of gross tectonic structure in most cases. For very challow

events (less than 5 km), though, the effect of source structure is minimal.

Since major variations of spectra with focal depth occur in the

10 to 20 second period range, the data recorded on VLPE instruments is not

as desirable as that recorded at NORSAR and ALPA because of the very low

e

instrument response in that period range.

Seven Eurasian events are analyzed for source mechanisms.
For those with known depth from bodywave phases, knowledge of the source
region crustal structure is crucial to obtain focal depth agreement from
- spectral fitting, These source structures were then applied to events in the

- same region with no independent depth estimate.
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SECTION 1

INTRODUCTION

This report presents the results from a continuing effort
at Texas Instruments to obtain source parameter estimates (especially depth)
from long period teleseismic surface waves. Previous work (Tsai (1972 a, b),
Tsai and Shen (1972), and Turnbull,et. al. (1973) ) has been mainly concerned
with methodology and verification of the methods with synthetic and continental
events (i.e., Southeastern Missouri Earthquake of 1965). In this report, we
are atiempting to determine the limitations of our approach in obtaining source
parameter estimates of Central Asian events using teleseismic surface waves.
The data base used in the analysis of these events consists of VLPE stations

and the NORSAR and ALPA arrays.

In Section II, a brief summary of the theot~tical source des-
cription is given, with the variation of Rayleigh and Love wave spectra dis-
cussed as a function of source depth and source structure. The requirements
on the data for effective depth determination (the inverse problem) are then

presented in light of this spectral behavior.

The analysis of the Central Asian events is given in Section
III. These events are divided into two groups; those with depth of focus known
from bodywave data and those where no source depth is known, Each event
is discussed in terms of the data quality, source-station travel path, and the

geology in the source region.

Finally, in Section IV, a summary of the results given in

the previous sections are presented, and the directions this investigation exprcts

to take in the future are discussed.




SECTION II
THEORETICAL CONSIDERATIONS

In fitting long period surface wave data, one must assume a
theoretical source description. Most investigators use the far-field des-
cription of a double-couple source in a plane-layered half-space. We can

write the transform of the source excitation function as:

Sw) = ML{k(@N(w, h)X(@,8,X,8,h) e”

M Seismic moment

k(w) Rayleigh or Lov® wave number

L(w) Tranc 2rm of the source-time function
N(w) Medium amplitude response

X(w) Complex radiation pattern

After correcting the observed spectra for the instrument
response and source-station travel path effects, we can describe the source
as above, which varies as a step function in time whose strength is M. In
fitting the observed source spectra, the seismic moment (M), strike (6),

dip (4), slip (1), and depth (h) are varied.

We are primarily interested in the latter parameter, depth,
because of its importance as a discriminant betwcen underground nuclear
explosions and earthquakes. Most explosions occur at quite shallow depths,
generally less than 3 km. The maximum depth possible, from oil exploration
experience, is about 8 km. Therefore, an event occurring from a region of

interest with a depth of focus less than 10 km would invite extensive analysis




(MB: m, spectral ratios, etc.). In obtaining our depth estimate, a systematic
spectral fitting procedure is applied; the source parameters are variad until
the closest match of the theoretical spectral shape with the observed spectra

is achieved.

A. THE VARIATION OF SOURCE SPECTRA WITH STRUCTURE

In a previous study (Turnbull, et.al. 1973), spectra and
radiation patterns were theoretically generated for many source parameter
combinations. One of the most important conclusions from this analysis was
I that the variation of source depth produces larger spectral change than the

variation of any other source parameter. It is precisely this fact that enables

our spectral fitting techniques to be sensitive to source depth.

Also, ‘n this same study, the effect of the earth structure in
the source region was examined by an indirect method in the analysis of the
Southeastern Missouri Earthquake of October 21, 1965. Four earth structures
were used in the spectral fitting procedure, their main differences lying in
the upper 30 km of the crust. These structures had very little effect on our
source depth determination, the minimum depth being 3 km and the maximum
being 5 km. Therefore, for very shallow events, we concluded that geology
made very littledifference. In the present study, we arrive at this same con-
clusion (see discussion of CENAP+ 75 in Section III), but for events with focal
depths approximately 10 km or greater, large structural changes have a sig-

nificant effect on the focal depth (see discussion in Section III).

A direct confirmation of this effect was found by generating
spectra for a structure representing some of the major fold systems in Central
Asia (structure S-2) , and comparing this to spectra previously generated for
a standard Gutenberg structure. Table A-1 lists the elastic parameters for these

structures, with group velocity curves and spectra for Rayleigh and Love waves

I1-2




given in Figures A-1 through A-9. Structure S-2 has the dominant charac-

teristic of a very thick, high velocity crust, This results in spectral levels

l in the 10 to 20 second period range which are much higher than those for a
Gutenberg structure. These spectral levels are not entirely unexpected,

because a thicker, higher velocity crust should emphasize short period energy.

From this comparison, we see how important it is to have,
at least, the correct gross structure in the source region. For example, if a
Gutenberg structure was used incorrectly in place of the S-2 structure, a
shallower focal depth would result from the fitting process. Conversely,
if a Gutenberg structure was used incorrectly in place of a structure with low

velocity upper layers (i.e., to model sedimernts), a deeper focal depth would

be obtained.

B. DATA REQUIREMENTS FOR DEPTH DE TERMINA TIONS

Because of the need for 10 to 20 second period surface wave
data with a fair degree of accuracy, itis important to examine the instrument
response of the VLPE sites, ALPA, and NORSAR. Examples of the VLPE
instrument response are given in Figures B-1 through B-4 for ALQ, TLO, EIL,
and CHG. In most cases, the vertical component peaks between 35-40 second
period, with the horizontal component peaking at a 5 to 10 second higher period.
For ALPA and NORSAR, both the vertical and horizontal components peak at
approximately 25 second period (see Figures B-5 and B-6). The period of peak
response and the number of dB down from the peak at a 10 second period at each
site is given in Table B-1. For the VLPE sites, we see that the 10 second
period response of the vertical components is on the average 27 dB down from the
peak, while ALPA is 20 dB down and NORSAR is 12 dB down. Obviously, for
the purpose of determining depth using a spectral fit technique, NORSAR data

should furnish the more accurate spectra. The question of spectral accuracy

II-3




becomes quite important when the response of the instrument is verylow at

the periods of interest, and the information becomes difficult to recover.

We see that modification of the VLPE instrument response
to a NORSAR type response would be advantagecus in the determination of A
depth from far-field surface waves. The only drawback to this modification

would be if the long period information yielded by the VLPE instruments in

ey -

their present configuration would bte lost by making such a change. Studies
show, though, that no information is lost. Massé (1970), in an analysis of
seismic signals recorded on both a NORSAR type instrument and a VLPE

type instrument placed at Ti*O, revealed that these systems yield equivalent !
information concerning long period energy in the signals. The response of :
these instruments is shown in Figure B-7; with comparative spectra of a

typical event shown in Figure B-8.

Modification of the VLPE instrument response to a NORSAR '
type response can easily be accomplished by adjustment of the free period of .
the instrument (Sykes, 1971), which has a range of 0.033 Hz. In this way, the
peak response can be adjusted to 0.04 Hz and have little change on the magni-
fication of the system. Also, the long period detection levels can be retained
by using the appropriate bandpass filter to eliminate microseismic noise in

the analog recording.



SECTION III
ANALYSIS OF SEVERAL EURASIAN EVENTS

Keeping in mind the importance of accurate source structure
and good data guality, seven Eurasian events were analyzed using teleseismic,
long period surface wave data, The geographic locations of these events are
shown in Figure IlI-1, with examples of the travel paths encountered to the
VLPE stations, NORSAR, and ALPA also shown, These locations are shown
again in Figure IlI-2a, but this time in relation to the major geologic features.

Cross sections along the broken line DD' - D'D" - D'"D"' are shown in Fig-

ures III-2b, -2c, -2d, respectively, giving the major structural parameters,

The seven Eurasian events are discussed in two groups; those
with and without an independent source depth estimate. For each event, the
solution is presented in terms of the local structure, data quality, and travel

path corrections. The procedure used in the analysis of the events was as

follows:

° Data Handling - Applying a series of narrowband filters (see
Appendix C), each component was analyzed for evidence of
multipathing. At each period, group velocities were determined
for each multipath, and then compared to the standard group
velocity curves for the type of travel path encountered (see ex-
ample in Appendix E). Estimating the correct multipath from
this comparison, the spectra is then corrected for attenuation

(as in Turnbull, et. al., 1973) and instrument response.

] Source Parameter Determination - Spectral fitting procedures

(Turnbull, et. al., 1973) are then applied to the corrected
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spectra, using a theoretical model placed in a source struc-
ture closely approximating the known geology. If a depth esti-
mate is known from independent evidence, the structural para-
rneters are perturbed within reasonable limits until the depth
obtained from the fitting procedure is in close agreement with
the known depth. The final structure used in this procedure

is then applied to events in the same region where no source

depth is known,

After discussing each event individually, their source parame-
ter estimations are summarized; in particular, our seismic moment estimate

in relation to bodywave rnagnitade.

A, ANALYSIS OF EURASIAN EVENTIS WITH KNOWN SOURCE DEPTH

Four events were analyzed which had independent estimates of
the source depth. The first three had their depth determined from the multi-
ple station observations by NOAA of depth phases (CENAP+45, TURN3%*003,
TURNI1*1), while the fourth (CENAP+50) was determined from analysis of the
relative arrivals of several bodywave phases. The depths of the first three
events are considered quite reliable, and with their relatively large magnitudes
they can be considered the best data from which to develop spectral fitting pro-

cedures,

1. LX+CENAP+45: The event identification and recording station
data are listed in Table III-1. Depth phases yielded a 13 km
depth, The event occurred in Southern Sinkiang Province; more
precisely, at Lop Nor. The travel paths to the recording sta-
tions are discussed in detail in Appendix E. The source struc-
ture used was a basic Gutenburg-Bullen, because the event lies

on the North China - Korean Platform. The spectral fits are

I11-7




TABLE III-1
EVENT IDENTIFICATION: LX+CENAP+45

Event 1. D. LX+CENAP+45

Location: 40,4N Lat., 91.1E Long.

Magnitude: m, = 5.1

Date: 1/15/73
Origin Time: 12:55:44

Recording
Station

(No. -Station) Lat. Long.

Azimuth
from Source
(degrees)

Location

A (km)

2-CHG

6-KON

8-KIP

9-ALQ

ALPA

18. 8N

59.7N

21.4N

34.9N

36. 6N

60.8N

99. OE
9.6E
158. 0W
106.5W
138, 3E

10. 9E

160.2

-39.4

60. 4

14.7

2511.5

5794. 1

10127, 0

11471.5

7242.3

5688. 2
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shown in Figures 111-3a, -3b. For NORSAR and ALPA, both
Rayleigh and Love wave data was used, while for the VLPE
stations we used only the Rayleigh wave data, As will be seen
in the discussion of these events, VLPE Love wave data was
considered unreliable because of the large instrument response

correction and the usually severe multipathing.

The spectral fit yields a depth of approximately 8 km,
with a dip-slip mechanism (see Figure 11I-4). It is felt that
knowledge of the sediment thickness at Lop Nor, and its in-
clusion in our source structure, would yield a source depth

quite close to that determined from bodywave phases.

LX*TURN3%013: Table 111-2 lists the event identification and
recording station data, Depth phases yield a source depth of
26 km. The event occurred in the Central Asian Fold System,
and structure S-0A (see Appendix A) was found to be a good
approximation. This structure's main feature is a thinner
sedimentary layer and higher velocity layers in the upper 50
km than the Gutenburg-Bullen structure, Only NORSAR data
was used in the spectral fit because of the overall poor quality
of the VLPE data that was available, ALPA data were not
available at the time of processing. For the VLPE stations
CTA, KIP, and OGD, multipathing was a severe problem;
KON essentially duplicated the NORSAR data,

The spectral fit can, at best, be said to 'average' the
observed spectra (Figure 111-5). The optimal solution yielded
a nearly vertical strike slip fault mechanism with an approxi-
mate source depth of 22 km (see Figure 111-6). A one station
determination such as this can only be thought of as a rough

solution,
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TABLE 1II-2
| EVENT IDENTIFICATION: LX*TURN3#%003
i

Event 1.D, : LX*TURN3%003
Location: 44.1N Lat., 83.6E Long.

(8]

Magnitude: m, =5.8
Date: 6/2/73
Origin Time: 23:57:04

|
Reco.rdmg Loadting Azimuth
Station from Source
: (No. -Station) (degrees) AAko)
X Lat. Long.
y 1-CTA 20. 1S 146, 3E 123.0 9540, 7
{E 6-KON 59. 7N 9. 6E -42.9 5077. 8
i 7-OGD 41, 1N 74. 6E -16.3 10323.9
[
Ll
8-KIP 21.4N 158. 0W 55,1 10431.4
r
L] NORSAR 60. 8N 10. 9E -41.5 4976. 5

II1-13
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3. IX*TURN1*00l: As a contrast to the two fairly shallow
events discussed previously, an event was chosen with a
known deep focus (123 km - from depth phases). The event
identification and available recording station information are
listed in Table I11-3, The first structure used in the fitting
process was the standard Gutenburg-Bullen. The data avail-
able was again quite sparse, with CHG and MAT of very poor
quality, and KON essentially duplicating NORSAR.

The spectral fit (Figure 1I1-7), while quite guod above
20 seconds period, becomes succeedingly worse below this
period. The optimal solution yielded a moderatly dipping
strike-slip fault, with a deptk of 125 km (Figure I1I-8). While
this result is in close agreement with the bodywave data, we
consider this agreement fortuitous. High quality spectra and
several azimuths are needed, Also, the structure used is
only a first approximation. The location places the event in
a foldbelt system where structural parameters were not avail-
able. Using foldbelt structures from the D'"D'' cross-section,

a depth greater than 150 km was obtained.

4, LX+CENAP+50: This event differs from the first three in that
a bodywave depth estimate was obtained from body phase arrival
times rather than from depth phase. From this method, a
source depth of 42 km was obtained. The event identification
and available recording station information are listed in Table
III-4. The event occurred in the Alpine-Fimalayan fold sys-
tem, and a structure was derived from the DD! profile. This
structure's main feature (S-2: see Appendix A) is an abnor-
mally thick (70 km), high velocity crust, Again, only NORSAR
data was used in the spectral fit because of the poor quality of

the VLPE data below 20 seconds period.

11I-16
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H TABLE 1II-3
q EVENT IDENTIFICATION: LX*TURN1%*001
-
i
; ] Event 1. D. LX*TURNI1*001
Location: 38.3N Lat,, 73.9E Long.
L) Magnitude: m = 5.3
Date: 3/26/173
L Origin Time: 07:58:42
| Recording Location Azimuth
I Station from Source
(No, -Station) Lat. Long. (degrees) A (km)
}
= 2-CHG 18.8N 99.0E . 124,17 3250, 5
1
] 6-KON 59.7TN 9. 6E -40.1 5018.1
q 11-MAT 36.5N 138.2E 70.9 5573.2
b=
NORSAR 60.8N 10. 9E -38.5 4945, 0
i
|3
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TABLE I111-4
EVENT IDENTIFICATION: LX+CENAP+50

Event I.D, LX+CENAP+50
Location: 33.2N Lat,, 75.6E Long.

Magnitude: mg =5.1

Date: 1/16/73
Origin Time: 21:31:26

Recording . Azimuth
i Location
Station from Source

(No. -Station) Lat, Long. (degrees)

A (km)

2-CHG 18.8N 118.8 2813,9
6-KON 59.7N z -37.2 5562, 7
8 -KIP 21.4N 51.0 11708.9
9-AIQ 34.9N 1.9 12458, 2

60.8N 5586.4




The spectral {fit is shown in Figure III-9, and is quite
good, especially for the Love waves. The optimal solution
yielded a depth of 57 km, with 90% of the solutions lying from
45 km to 58 km (Figure 1II-10). This estimate of the depth is
consid:red reasonable in the absence of depth phase informa-

tion.

B, ANALYSIS OF EURASIAN EVENTS WITH UNKNOWN SOURCE
DEPTH
Three events were analyzed which did not have an independent
source depth estimate. We did, though, have some control on our solution,
through the use of structures which proved successful in the analysis of events

with known source depths.

1. LX+CENAP+6: The event identification and available record-
ing station information are listed in Table III-5. Four VLPE
stations yielded relatively good Rayleigh wave spectra. The
event occurred on the southern edge of the Tibet Planform
(Figure III-2a) whose structural cross section is shown in pro-
file DD’ (Figure III-2b), Hence, structure S-2 was used for

the theoretical source.

The spectral fit is shown in Figure III-11, which is quite
good except for that at KIP, Theoretical Love wave curves,
which were generated using the best fit source parameters,
are also shown, In Figure III-12 is shown the optimal solution,
which is a strike slip fault mechanism with a depth of 16 km.
Of the models generated, 91 per cent had a focal depth between
6 km and 18 km,

A measure of the structural effect on the source depth

was obtained by fitting the spectra using a Gutenburg structure,

I11-21
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TABLE III-5
EVENT IDENTIFICATION: LX+CENAP+6

Event 1.D, : LX+CENAP+6
Location: 31.2 N Lat., 88.1E Long.
Magnitude: my =5,2
Date: 1/2/73
Origin Time: 22:27:19

Recording Lacation 2zimuth
Station frrom Source A (km)
(No. -Station) Lat, Long. {degrees)
2-CHG 18. 8N 99. 0OE 138.9 1757.3
5-EIL 29,.6N 35,0E -17.7 5062, 1
6-KON 59. TN 9. 6E -35.9 6438. 0
8 -KIP 21.4N 158. 0W 59.1 10876, 7

I11-24
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At D

This resulted in a 10 km focal depth, because of the lower

velocity crustal layers (see Section 1I).

LX+CENAP+10: This event was located within a few degrees
of LX*TURNI1*001 (see Table I1I-6). Therefore, a standard
Gutenburg-Bullen structure was used because of its success-
ful use in the latter event, Both Rayleigh and Love wave data
were used from five VLPE stations (EIL, KON, KIP, AIQ,
MAT), with a sixth (CHG) having only Rayleigh waves of rea-
sonable quality, The use of both surface wave components
was felt to be justified because of the appearance of the data,

a direct result of the large m, (5.5).

In Figures III-13a, -13b, are shown the spectral fits,
which are of mixed quality, While those at AIQ and MAT
could be considered good, the fits at KON and EIL can be con-
sidered, at best, average. The optimal solution is shown in
Figure 11I-14, yielding a strike-slip fault with a 63 km focal
depth, It can be inferred from this result and that of
LX*TURN1*001 that the source region is one of deep tectonic

activity.

LX+CENAP+75: The identification and available recording
station information for this last event is given in Table III-7.
The Rayleigh wave spectra from four VLPE stations were used
in the fitting process. The event occurred near the center of
the North China-Korean Platform (Figure III-2a) whose struc-
tural cross section is shown in profile D'D" (Figure III-2c).
A slightly modified Gutenburg-Bullen structure was used for

the theoretical source.

The spectral fit for the Rayleigh waves, along with the

theoretical Love wave curves, is shown in Figure III-15, This

I11-27




TABLE III-6
EVENT IDENTIFICATION: LX+CENAP+10

Event I.D., : 1LX+CENAP+10
Location: 39.1N Lat., 71.9E Long.
Magnitude: m, = 5.5

Date: 1/3/73
Origin Time: 14:31:04

Rec0fding Location Azimuth
Station from Source A (km)

(No. -Station) Lat, Long. (degrees)

2-CHG 18.8N 99. 0E 123, 0 3444.7
5-EIL 29.6N 35,0E -96.0 3534,4
6-KON 59, 7N 9. 6E -40,7 4838, 6
8-KIP 21.4N 158. 0W 47.1 11537,3

9-ALQ 34.9N 106.5W -1.4 11805.1

11-MAT 36.5N 138.2E 5711.7
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TABLE II1-7

EVENT IDENTIFICATION: LX+CENAP+75

Event 1. D, LX+CENAP+175
Location: 41,0N Lat,, 82.2E Long.
Magnitude: m_ = 5.1
Date: 1/24/173
Origin Time: 03:20:20
Recox:ding LSeatianR Azimuth
Station i from Source
(No,. -Station) Lat. Long. (degrees) A (km)
2-CHG 18. 8N 99. OE 142, 0 2935, 7
6-KON 59. 7N 9. 6E -41,2 5256.5
8 -KIP 21.4N 158, OW 54,3 10724.3
10-Z LP 16.5S 68.1W -54,6 16082, 6

R T ———TT——y
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fit is quite good for all stations, The optimal solution (Figure
111-16) describes a very shallow focus event (2 km) with a mod-
erate dip angle (600) and low slip angle (300). The structural
effect on this solution is quite similar to that encountered pre-
viously for the Southeastern Missouri Earthquake written about
previously (Turnbull, et. al., 1973). Both high and low velo-
city crustal models were applied to the data, resulting in very
little change in the depth (+ 1 km). This implies that little
change in spectral shape occurs for shallow depths between

different source structures in the frequency range of interest,

C. SUMMARY OF PARAMETER ESTIMATES

A summary of optimal solutions for the seven Eurasian events
that have been discussed is given in Table 111-8, with the statistics of these
solutions listed in Table III-9, From this latter table, we see the following

properties of the solutions:

° In general, we can usually determine a reasonably probable
range of focal depth values with a high degree of confidence.
For very shallow events, this range is fairly narrow (less than

5 km), while for deep events this range is quite broad (greater

than 15 km),

° The probable range of the dip and slip values is more ambigu-
ous than that for focal depth, and the probable range for the
strike direction is in many cases unknown. This latter result

is due to poor azimuthal coverage.

Finally in Figure 11I-17, we have plotted the seismic moment
(Mo) versus bodywave (mb) magnitude for each event in relation to the wZ_

model determined by Tsai (1972b). We see that there is close agreement,
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but this is possibly deceptive because of the steep slope of the model. Also,

all of the events have a bodywave magnitude (mb) greater than 5.0, so any

possible agreement must be limited to that magnitude range.




SECTION 1V
CONCLUSIONS AND RECOMMENDATIONS

We can summarize the remarks in the preceeding sections

concerning source parameter estimates obtained from teleseismic surface

wave data using spectral fitting procedures with the following points:

From the analysis of theoretical spectra and of several
Eurasian events, it has been shown that a gross knowledge of
the source region crustal structure is necessary in most
cases, In general terms, if the structural properties are un-
derestimated (low velocities), a shallower focal depth will be
obtained. The converse is also true; overestimation yields a

deeper focal depth,

The exception to the above statement occurs for very shallow
events (less than 5 km). Using several crustal models in the
analysis of a very shallow Eurasian event (CENAP+75) re-
sulted in very little change of the focal depth estimate (1 1 km).
This implies that little change in spectral shape occurs for
shallow depths between different source structures in the fre-

quency range of interest,

Because the major variations of spectra with focal depth occur
in the 10 to 20 second period range (Turnbull, et. al., 1973),
it is important to have accurate data at these frequencies.
From analysis of the instrument response curves of the VLPE
stations, ALPA, and NORSAR, it was found that, in most
cases, the VLPE data is unsuitable for accurate depth estima-

tion., The response of these instruments is such that it is



down 27 dB or more at 10 seconds period. For NORSAR and
ALPA, though, the response is only 12 to 20 dB down at 10
seconds period. Hence, depth estimates obtained from data

recorded on these instruments are felt to be quite adequate,

The analysis of seven Eurasian events using teleseismic sur-
face wave data yielded the following results: (1) From know-
ledge of the crustal structure in the source region, depth esti-
mates can be obtained which closely agree with those from
bodywave depth phases; (2) After the successful application
of a source structure to an event with known depth, this struc-
ture should be applied to events in the same tectonic region;
(3) We can usually determine a reasonably probable range of
focal depth, with the dip and slip values more ambiguous, and
the strike direction unknown in many cases; (4) Although there
is close agreement of the seismic moment (Mo) versus body-
wave magnitude (mb) for these events with Tsai's wz-model,
this is possibly deceptive because of the steep slope of the

model.

Future studies will be concerned with the following problems:

The events analyzed in this study have mainly occurred in one
tectonic region, We will attempt to analyze other regions,

with our interest in a region governed by its seismicity.

A systematic collection of surface wave group velocity dis-
persion curves and effective attenuation for particular source-
station paths will be undertaken. This information will be
used as part of path correction software package, which has

been partially developed,

IvV-2




Events which have been studied using very near field data

(less than 10 km), will be analyzed from both intermediate

(less than 200 km) and far field distances. Theoretical point

source models will be used to obtained source descriptions at
these distances, and the results will be compared to those

obtained from the very near field.
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APPENDIX A i

‘: SURFACE WAVE SPECTRAL VARIATION WITH
F RESPECT TO SOURCE REGION STRUCTURE .
| |
~ In attempting to match the source depths for several Eurasian
h:s events obtained from spectral fitting techniques to those obtained from body :
: - wave phases, a Gutenberg-Bullen structure was modified using the existing j
: .: knowledge of the geology (Rodriguez, 1969). Two of the more important
t - modifications (structures S-OA and S-2) are given in Table A-1 and Figures *
| ‘a A-1to A-3. The Rayleigh and Love wave group velocity dispersion of these :i
ry modifications compared to the Gutenberg-Bullen (G) dispersion is shown in
- Figures A-4 and A-5. Both of the modified structures exhibit higher group 1
] velocities than that for the G structure, especially at the higher frequencies. |

This is due to the thicker, high velocity crust of both modifications.

Rayleigh and Love wave spectral comparisons between the
G-B structure and the S-2 modification are shown in Figures A-6 to A-9 for
4 several fault configurations. The most important feature of this comparison
- is the increase of the spectral level between 10 and 20 second periods for

- both the Rayleigh and Love waves of structure S-2. The use of this structure

-
a
T TP W L e

il will give a deeper source depth from the spectral fitting procedure.

e}
-




TABLE A-1

LAYER PARAMETERS FOR EARTH STRUCTURES APPLIED
TO SOURCE REGIONS

Gutenberg-Bullen

Layer No. Layer Thickness Vp Vs 6
(km) km/sec km/sec gm/cc
1 22.0 6.03 3.53 2,78
2 15.0 6.70 3.80 3.00
3 13.0 7.96 4. 60 3.37
4 25.0 7.85 4. 50 3.39
5 50.0 7.85 4. 41 3.42
6 75.0 8.00 4,41 3.45
50,0 8.20 4,50 3.47
Half space
Model S-OA
1 8.0 6.14 3.55 2.74
2 6.0 6.50 3.78 3.05
3 6.0 6.90 3.98 3.05
4 30.0 7.70 4, 45 3.25

* Normal Gutenberg-Bullen for depths > Z0 km

Model S-2
1 20.0 6.70 3. 80 3.05
2 20.0 7.50 4. 34 3.20
3 30.0 7.70 4, 45 3.25

* This thicker crust (70 km) placed on Gutenberg-Bullen structure which
begins at 50 km depth.
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APPENDIX B

COMPARISON OF THE INSTRUMENT RESPONSE
AT SELECTED VLPE STATIONS, ALPA, AND NORSAR

The instrument response curves at selected VLPE stations
were compared to those at NORSAR and ALPA to obtain some idea of the
quality of the spectra we are using in 10 to 20 second period range. A suni-
mary of the vertical and horizontal response is given in Table B-1, with the
actual curves shown in Figures B-1 to B-6 for ALQ, TLO, EIL, CHG, ALPA,
and NORSAR. The important differences between the VLPE and array instru-

ments are the response peaks (35-40 seconds vs 25 seconds respectively) and

the dB down at 10 seconds (25 to 35 dB down vs 12 to 20 dB down).

If the VLPE instruments were to be modified to an array
type response, the question arises as to the possible loss of long period
information. A study by Massé (1970) showed that no information is lost,
with the response curves of the instruments he used shown in Figure B-7

and the comparitive spectra of a typical event shown in Figure B-8.




Vertical Component |Horizontal Component

Station Period of dB Down Period of | dB Down
Peak From Peak Peak From Pealq
Response | At 10 Sec. | Response | At 10 Sec.

V LPE Sites
ALQ 35 22.4 50 27.
TLO 40 25.0 45 30.
EIL 35 34.0 40 a7,
CHG 40 28.¢ 45 28.

ALPA 25 20.0 25 20.

NORSAR 25 12,0 25 ¢
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TABLE B-l
INSTRUMENT RESPONSE AT 10 SECOND PERIOD FOR SELECTED
V LPE STATIONS, ALPA, AND NORSAR




FIGURE B-l
SYSTEM RESPONSE FOR ALQ
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SYSTEM RESPONSE FOR ALQ
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FIGURE B-2
SYSTEM RESPONSE FOR TLO
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FIGURE B-3

SYSTEM RESPONSE FOR EIL
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FIGURE B-4
SYSTEM RESPONSE FOR CHG
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APPENDIX C

DETERMINATION OF FUNDAMENTAL MODE AMPLITUDE SPECTRA
AND GROUP VELOCITIES BY NARROW BAND FILTERING

The background for the use of narrow band filters for de-

multipathing has been discussed in an earlier report (Turnbull, et. al., 1973).

We applied this technique to a pari of Italian events as well as Eurasian
events with a reasonable degree of success. A recent examination of some
| of the developmental software has revealed a minor error, which resulted
i in an incorrect seismic moment (Mo) for the Italian events only. The corrected

results are given in Appendix D.

We are in the process of automating the de-multipathing pro-
cedure. An example of sorae of the software objectives is shown in Figure
C-1. The top trace shows the Rayleigh wave as recorded on the vertical com-
ponent at CHG. The second trace shows the instantaneous period (Bracewell,
1965, and Newton, 1973). By calculating the instantaneous period (or its
reciprocal, the instantaneous frequency), we obtain the period at which the
phase of the analytic signal is changing. The abrupt phase changes caused
by signal interfe‘rence (maltipathing) show up as sharp peaks. The third trace
shows the result of applying a narrow band filter centered about 25 seconds
period, with the fourth trace giving the envelope function of that result.

The fifth and sixth traces represent the application of a narrow band filter

center about 10 seconds period with its associated envelope function.

Presently, we pick the peaks of the narrow band filter results
for an ensemble of periods (say 10 - 60 seconds), and compute their group

velocity. These values are then plotted against standard curves as shown




TRACE
PRSS
TIME
STRTION

L XTRAN SoRE

SIGNAL  LX+CENRP+ 43
DATE 73013 € 1/13/73)
TIME 46344 (12455144)
LAT  40.4

LONG Sl.1

MAG-USCGS 5.1 LE INSTANTANEOUS PERIOD
SCALEs MMU/INCH

T = 25 SEC

TRACE
PRSS
TINE
STATION
FETC LR
SCALE

ENVELOPE OF ABOVE RESULT

TRACE
PASS
TIME
STATION
FETC LR
SCALE

LR ENVELOPE OF ABOVE RESULT

FIGURE C-1
NARROW BAND FILTER ANALYSIS
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in Figure C-2, which shows the result for this ana'’ysis for CENAP+ 75 as
recorded at CHG (see Section III for discussion of the abnormally low group
velocities). The de-multipathed spectra is then chosen by estimating the

trend of the peaks with the standard curves as reference. We are presently

automating this selection of the proper wave packet.
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OBSERVED GROUP VELOCITIES FROM NARROW BAND FIL TERS
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APPENDIX D
ANALYEIS OF ITALIAN EVENTS

The solutions to these events were presented in an earlier
report (Turnbull, et. al., 1973). Due to an error in the developmental soft-
ware, incorrect values of the seismic moment (Mo) was obtained for the pair
of Italian Events that were presented. The event locations are shown in
Figure D-1, and the correct source parameter estimates are given in Table
D-1. In each case, both from the individual and spectral ratio analysis, the
seismic moment (Mo) is approximately a factor of 35 greater than the value

previously determined.
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? ; TABLE D-1

} SOLUTIONS FOR ITALIAN EVENTS
]
! Analyzed Individually
LX/CITLY/134 (2/4/72) | LX/CITLY/143 (2/5/72)
Parameters Yalue Statistics | vy alue Statistics ,
h (km) 22 20-26 ; 88% 20 18-24 ; 817%
8 50° 40-60°; 68% 50° 50°-70°; 65%
Y -30° | £60+38; 89% 0°  |-30°-30°; 999
¢ N110°E | 80°-1107 34%| N105°E | 95°-115°%; 379
M (dyne-cm) 4, 28 x 1022 4.98 x 1022
Analyzed Using Spectral Ratio's of Events
T OB OB
E (W) Trial Event . R(e) | Hw) pGlw) ppSepplw)
T OB OB
W
§ (W) pef. Event R (@) pg Hw) ppG(®) ppSpel®)

LX/CITLY/134 With LX/CITLY/143 As Reference

Parameters Value Statistics
h (km) 18 16-20 ; 87% |
8 40° 40°-70°%; 74% 1
A 30° +30°; 61%
¢ N90°E 80°-110°; 34%
M (dyne-cm) 4,64 x 1022




APPENDIX E

EXAMPLES OF MUL TIPA THING FOR TYPICAL
SOURCE STATION PATHS

In this section, we review some of the multipathing problems
encountered in the analysis of Eurasian events. Using the data from CENAP +
45 as an example, we shall examine six travel paths from Central Asia to

NORSAR, ALPA, KON, KIP, ALQ, and CHG (see Figure III-1 for the approxi-

mate paths). For each path, we are concerned with fundamental mode Ray-

leigh and Love wave dispersion.

CENAP+ 45 to NORSAR (FigureE- 1): Because of the response characteristics

of the NORSAR instrumentation, narrow band filters were applied from 20 to
10 seconds period at 2 second increments, as well as every 5 seconds period
above 20 seconds to 60 seconds. Since the path is mostly contin~ntal, the
dispersion curves followed along the expected continental modes. In the analy-

sis of all the events discussed in Section III, NORSAR data was considered

the most reliable.

CENAP+ 45 to ALPA (Figure E-2): These data were analyzed at intervals

similar to those for NORSAR, again because of the favorable instrument res-
ponse characteristics. The path is mostly continental, but a significant con-
tinental margin is crossed. Hence, more multipaths occur in the 10 to 20

second period range. In general, though, the curves were fairly regular.

CENAP+ 45 to KOI;I(Figure E-3): For all VLPE data, only one period was

examined below 20 seconds (15 seconds), because of their unadvantageous
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J OBS ERVED GROUP VELOCITIES FROM NARROW BAND FILTERS
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OBSERVED GROUP VELOCITIES FROM NARROW BAND FILTERS
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instrument response characteristics. The data for this particular path was

quite similar to that obtained for NORSAR, as should be expected.

CENAP+ 45 t KIP (Figure E-4): Because this path is approximately half

continental and half oceanic, interpretation of the multipathing was very diffi-
cult. For several events, the Love wave spectra was completely eliminated
from the fitting procedure. In many cases, several multipaths occurred for
each period and the amplitudes were very close to each other. The Rayleigh
wave dispersion approximated the mean of the oceanic and continental curves,

especially below 30 seconds period.

CENAP#+45 to ALQ (Figure E-5): The data obtained at ALQ was generally

considered quite reliable. Although the travel path is polar, the dispersion

curves closely follow the continental reference curve.

CENAP+ 45 to CHG (Figure E-6): This data probably constitutes the most

irregular set observed. The path is entirely cortinental, but follows a course
parallel and through some of the major Central Asian fold systems. Itis
characterized by severe Rayleigh and Love wave group delays, and severe
Love wave multipathing. In many cases, the Love wave spectra had to be

eliminated from the spectral fitting procedure.
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OBSERVED GROUP VELOCITIES FROM NARROW BAND FILTERS
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OBSERVED GROUP VELOCITIES FROM NARROW BAND FILTERS
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